Osteosarcoma is a tumour characterized by the production of osteoid by malignant cells. The incidence is approximately 1 to 3 million/year. The incidence is slightly higher in males. Onset can occur at any age; however, primary high grade osteosarcoma usually occurs in the second decade of life. Historically patients with osteosarcoma were treated with immediate wide or radical amputation. Despite the treatment, 80% patients with apparently isolated disease died of distant metastases. In recent years the number of patients with osteosarcoma of the limb treated by amputation + chemotherapy has increased. In our study, we divided the patients into two groups. One group (A) was treated with amputation + adjuvant chemotherapy. The other group (B) was treated with neo-adjuvant chemotherapy + amputation followed by adjuvant-chemotherapy. In our study, the margin negativity in post surgical specimen was significantly higher (P-value 0.0007) for the group treated with neo-adjuvant chemotherapy. Local recurrence in the group treated without neoadjuvant chemotherapy was significantly more (P-value 0.0005). The systemic recurrence at the end of 6 months was higher the group treated without neoadjuvant chemotherapy (P-value 0.0169). However systemic recurrence between 6 months -1 year and 1 year -2 years were not significant (P-values 0.1501 and 0.4902). From the above figures it may be concluded that treatment with neo-adjuvant chemotherapy + amputation + adjuvant chemotherapy had definite advantages over upfront amputation + adjuvant chemotherapy.
Introduction
Osteosarcoma is a tumour characterized by the production of osteoid by malignant cells. It is second most common primary malignancy of bone behind multiple myeloma. It accounts 20% of primary malignancies of bone. The incidence is approximately 1 to 3 per million per year. Onset can occur at any age. However, primary high grade osteosarcoma usually occurs in the second decade of life. Parosteal osteosarcoma has a peak incidence in the third and fourth decades while secondary osteosarcomas are more common in the older individuals [1] .
The incidence is slightly higher in males (except parosteal osteosarcoma which is more common in females). There are no significant differences among races and genetic factors rarely play any role. It is more common in patients with hereditary form of retinoblastoma, Rothmund-Thomson syndrome and Li-Fraumeni syndrome. All skeletal locations can be affected; however, most primary osteosarcomas occur at the site of most rapid bone growth including the distal femur, the proximal tibia (i.e. around the knee joint) and the proximal humerus [1] .
Historically patients with osteosarcoma were treated with immediate wide or radical amputation. Despite the treatment, 80% patients with apparently isolated disease died of distant metastases. From this it can be deduced that many patients with osteosarcomas might have had non detectable micro-metastases at presentation and this justifies the use of additional systemic treatment i.e. chemotherapy (neo-adjuvant or adjuvant). Currently at most musculoskeletal oncologic centres, the treatment of high grade osteosarcomas consists of neo-adjuvant chemotherapy, wide or radical surgery (resection or amputation) and adjuvant chemotherapy. Pulmonary metastases likewise are resected if possible after neo-adjuvant chemotherapy. The histological response of the primary tumour to neo-adjuvant chemotherapy has been known to be a good predictor of long term survival. Low grade osteosarcoma can be treated with wide resection or amputation without chemotherapy [1] .
However, though reasons supporting the use of neoadjuvant chemotherapy in the treatment of limb osteosarcoma are convincing, superiority of neo-adjuvant therapy over adjuvant therapy is yet to be proved. We conducted this study to compare neo-adjuvant chemotherapy + amputation + adjuvant chemotherapy and amputation + adjuvant chemotherapy in the treatment of osteosarcoma at our institute.
Materials and Methods
This prospective randomized and comparative study was conducted on the patients admitted in the Department of Orthopaedics of BSMC&H. Our study population mainly consisted of patients younger than 40 years age with primary osteosarcoma of the extremity. The study period was about 2 years from April 2009 to March 2011. Eligibility criteria for the patients included in the study were as follows:
1) Patients who were younger than 40years age; 2) Had typical radiographic and histological features of osteosarcoma (primary, central and high grade);
3) Tumour was located in extremity; 4) No evidence of metastasis. The parameters studied were: 1) Margin negativity in post surgical specimen; 2) Local recurrence and; 3) Systemic recurrence: At 6 months, 1 year and 2 years following surgery.
After obtaining ethical clearance from the institutional Ethics committee, study was conducted among the study populations after taking written informed consent. The relevant information collected by using a pre-designed proforma including history, general and systemic examination findings. Initial CT scan of lungs and abdomen were conducted besides routine pre anesthetic investigations. MRI Scan of the affected limb, which would have been helpful to know the extent of the disease before surgery, could not be done, as, at the time of this study, this institution had no MRI machine, nor was the facility for MRI available in the locality.
The patients under Group A were posted for amputation of the involved limb, while group B were treated with neo-adjuvant chemotherapy initially before amputation. Both the groups were given adjuvant chemotherapy.
All patients in the study received six cycles of chemotherapy. Patients under Group A received all those six cycles as adjuvant therapy, whereas patients under group B received three cycles before surgery as neo-adjuvant therapy and three cycles as adjuvant.
In this study, for patients receiving neo-adjuvant chemotherapy (i.e. Group B), we followed the protocol used in the landmark study of the European Osteosarcoma Intergroup [2] :
Inj. Doxorubicin 25 mg/m 2 i.v. bolus daily for three consecutive days (Day 1 -3) ; Inj. Cisplatin 100 mg/m 2 i.v. infusion on Day 1. The cycles were repeated every three weeks followed by surgery. After a two weeks gap following surgery, further three cycles chemotherapy were given in the same protocol.
Patients in the Group A received chemotherapy in the same regimen as mentioned above with an interval of three weeks between the cycles (all six cycles as adjuvant therapy).
5HT3 antagonists were given during chemotherapy and for continued for three days afterwards. Post-chemotherapy adverse effects were minimal. Patients usually developed anorexia (loss of appetite, CTC Grade 1), some degree of nausea (were able to eat, CTC Grade 1), which were managed with reassurance and supportive care.
Specimen was sent for HPE for marginal negativity in both cases. As percentage of necrosis in post-neoadjuvant chemotherapy specimens are not routinely reported in our institutional histopathology reports, we refrained from taking that as our study parameter.
Both the groups were followed with CT scan of lungs and abdomen at the end of 6 months, 1 year and 2 years. The surgery conducted was amputation of the involved limb. Since frozen section could not be obtained in our set up, so an approximate margin of 5 cms was kept.
The marginal negativity, local recurrence and systemic recurrence were evaluated, and Fisher's exact test was used in the analysis of data to calculate a two tailed Pvalue.
Results
The patients under the study were divided into 2 groups.
Group A: Upfront amputation + adjuvant chemotherapy; Group B: Neo-adjuvant chemotherapy + amputation + adjuvant chemotherapy.
The results were statistically analyzed using Fisher's exact test and the two tailed P-value was evaluated.
The post surgical specimen assessed for margin positivity showed margin + vity. The percentage of specimens which had a negative margin was 13.33% (2 of 15) in Group A and 80% (12 of 15) for Group B which was statistically highly significant (P-value 0.0007) (Table 1,  Figure 1) .
The rate of local recurrence was 73.33% (11 of 15) in Group A while in only 6.67% (1 of 15) of patients in Group B tumour recurred locally, which was also highly significant (P-value 0.0005) (Table 2, Figure 2) .
The rates of systemic recurrence at the end of 6 months were 40% (6 of 15) in Group A and 0% (0 of 15) in Group B which was significant (P-value 0.0169). Systemic recurrence between 6 months -1 year was 44.44% (4 of 9) in Group A while 13.33% (2 of 15) in Group B which was not statistically significant (P-value 0.1501). Between 1 year -2 years, systemic recurrence occurred in 20% (1 of 5) in Group A and 7.692% (1 of 13) in Group B which again was not significant (P-value 0.4902) (Table 3, Figure 3 ). 
Discussion
In recent years the number of patients with osteosarcoma of the limb treated by amputation has increased [3] [4] [5] [6] [7] . This is due to the improved efficacy of chemotherapy, which can reduce the extent of surgery required, the development of modern radiological tools such as CT and MRI and the availability of new reconstructive procedures. All these can allow good functional results and offer alternatives determined by the location of the tumour, the age of the patient and the desired lifestyle. Neo-adjuvant chemotherapy in the treatment of limb osteosarcoma evolved along with the concept of limb-salvage surgery. Even when limb salvage is not the goal, the fact that a larger number of patients receiving neo-adjuvant chemotherapy is inevitably associated with a reduction of surgical margins. This might increase the incidence of local recurrence. Previously, in patients who did not receive associated chemotherapy, local recurrence after surgery correlated strictly with surgical margins [8] [9] [10] [11] . Now, as most patients are getting neoadjuvant chemotherapy before surgery, it is not yet clear whether the reduction of surgical margins is associated with an increased risk of local recurrence. The reported results for the incidence of local recurrence in patients undergoing amputation + adjuvant chemotherapy and those treated by amputation and neoadjuvant chemotherapy are contradictory. In multicentre studies the incidence of local recurrence seems to be lower in patients treated with neoadjuvant chemotherapy [12, 13] conversely, in two uniinstitutional studies with a smaller number of patients, the incidence of local recurrence was the same for both groups [14] .
In our study, we divided the patients into two groups. One group (A) was treated with amputation + adjuvant chemotherapy. The other group was treated with neoadjuvantchemotherapy + amputation + adjuvant chemotherapy. Chemotherapy regime followed was cisplatin + doxorubicin, as followed in the study of the European Osteosarcoma Intergroup.
In our study, the margin negativity in post surgical specimen was significantly higher (P-value 0.0007) for the group treated with neo-adjuvant chemotherapy. Also, the local recurrence for the group treated with neoadjuvant chemotherapy was significantly lower (P-value 0.0005). Percentage of patients suffering systemic recurrence at the end of 6 months was significantly less for the group treated with neoadjuvant chemotherapy (P-value 0.0169). However, lower rates of systemic recurrence afterwards i.e. between 6 months -1 year and 1 year -2 years were not significant (P-values 0.1501 and 0.4902).
Our study also confirmed the popular belief that local recurrence is a serious problem in osteosarcoma of the limb. This has been reported previously by others [4, 8, 12] . The main strength of our study is that all the patients had been treated at the same institution by the same team of surgeons. However shortcomings too existed [13] [14] [15] [16] . Some of the patients with bulky tumour were treated with neo-adjuvant chemotherapy which could be a bias on our part. Also, as we could not do a MRI Scan of the affected limb beforehand, we had to undertake surgery without knowing the proper local extent of the disease. This might explain the high rate of margin positivity in the group of patients without neo-adjuvant therapy. However, it is interesting to note that, when the facilities of MRI is not available or when the patient cannot afford the financial cost of MRI, neo-adjuvant chemotherapy may offer some advantage regarding margin-negativity, as evident from this study. For those patients who undergo operations with inadequate surgical margins the risk of local recurrence is very high, especially when associated with a poor histological response to chemotherapy [17] [18] [19] [20] [21] . Because of the poor outcome in patients who develop local recurrences, should a pathological examination of the resected specimen demonstrate inadequate surgical margins and an associated poor response to chemotherapy, a secondary amputation should be recommended. This may be difficult for the patient, but we believe that it is our duty to suggest this to them. It is for this reason that we consider that patients with osteosarcoma of the limb should be surgically treated in selected centres. These should be fully equipped to undertake a pathological examination of the surgical margins.
Therefore, it may be concluded that use of neo-adjuvant chemotherapy have some definite advantages over upfront surgery. When neo-adjuvant chemotherapy is used, margin negative resection is more probable, which would lead to lesser incidence of systemic recurrence and which might have some effect on the incidence of systemic recurrence too. Though not assessed in this study, histopathological response to neo-adjuvant chemotherapy is an individual predictor for the post-treatment survival of the patient, which should be another advantage in favour of the use of neo-adjuvant chemotherapy.
